2016 -Assessing the genetic diversity of grape ripe rot pathogen Colletotrichum using SRAP markers. Mycosphere 7(8) 1103-1110, Doi 10.5943/mycosphere/si/2c/3
DNA extraction and pathogens identification
Total genomic DNA was extracted using the cetyl trimethyl ammonium bromide (CTAB) method (Murray & Thompson 1980) with minor modifications. DNA integrity was evaluated by 1.2% agarose gel electrophoresis (AGE), whereas DNA quantity by spectroscopy at 260 nm and 280 nm. Species identification was performed by sequencing the ITS gene region. ITS4 and ITS5 (White et al. 1990 ) were selected as primer pairs and used for amplifying the corresponding gene regions. The PCR reaction mixture included 2.5 μl of 10× PCR buffer, 1.0 μl of 2.5 mmol L -1 dNTPs, 1.0 μl of each forward and reverse primer, 0.25 μl of 5 U μl -1 Taq DNA polymerase, 1.0 μl of genomic DNA, and 18.25 μl of ddH 2 O. PCR amplification was carried out with a PTC-200 DNA Engine Cycler (MJ Research, Waltham, MA, USA). The reaction conditions were as follows: predenaturation at 95 °C for 5 min, 36 cycles of denaturation at 95 °C for 30 s, annealing at 56 °C for 30 s, and extension at 72 °C for 1 min, and a final extension at 72 °C for 10 min. PCR products were visualized by AGE, and the positive samples were sequenced by Sangon Biotech (Shanghai, China). The sequences were compared against the National Center for Biotechnology Information (NCBI) database using the BLAST tool. Reverse primer  Me1  5′-TGAGTCCAAACCGGATA-3′  Em1  5′-GACTGCGTACGAATTAAT-3′  Me2  5′-TGAGTCCAAACCGGAGC-3′ Em2  5′-GACTGCGTACGAATTTGC-3′  Me3  5′-TGAGTCCAAACCGGAAT-3′  Em3 5′-GACTGCGTACGAATTGAC-3′  Me4  5′-TGAGTCCAAACCGGACC-3′  Em4  5′-GACTGCGTACGAATTTGA-3′  Me5 5′-TGAGTCCAAACCGGAAG-3′ Em5 5′-GACTGCGTACGAATTAAC-3′  Me6  5′-TGAGTCCAAACCGGACA-3′ Em6 5′-GACTGCGTACGAATTGCA-3′  Me7  5′-TGAGTCCAAACCGGACG-3′ Em7 5′-GACTGCGTACGAATTCAA-3′  Me8  5′-TGAGTCCAAACCGGACT-3′  Em8  5′-GACTGCGTACGAATTCAC-3′  Me9 5′-TGAGTCCAAACCGGAGG-3′ Em9 5′-GACTGCGTACGAATTCAT-3′ Me10 5′-TGAGTCCAAACCGGAAA-3′ Em10 5′-GACTGCGTACGAATTGTC-3′ 
Selection of SRAP primers
Of 100 SRAP primer pairs that are available (Li & Quiros 2001 , Wang et al. 2010 , we randomly selected ten forward and reverse primers that were synthesized by Sangon Biotech (Table  1) . These ten primer pairs were used to perform a preliminary analysis of four strains, namely LSY-3, LDD-5, LJZ-14, and GZ-8, identified in four widely different locations. Six primer pairs were selected based on their relatively high allelic richness and stability of polymorphic bands and used for SRAP analysis.
SRAP analysis
The PCR reaction mixture included 2.5 μl of 10× PCR buffer, 2.0 μl of Mg 2+ , 1.0 μl of 10 mmol L -1 dNTPs, 1.0 μl of 10 μmol L -1 of each forward and reverse primer, 0.25 μl of 5 U μl -1 Taq DNA polymerase, 1.0 μl of genomic DNA, and 16.25 μl of ddH 2 O. PCR amplification was carried out with a PTC-200 DNA Engine Cycler (MJ Research). The reaction conditions were as follows: pre-denaturation at 95 °C for 5 min, four cycles of denaturation at 95 °C for 1 min, annealing at 35 °C for 45 s, and extension at 72 °C for 1 min; 34 cycles of denaturation at 95 °C for 1 min, annealing at 56 °C for 1 min, and extension at 72 °C for 1 min, and a final extension at 72 °C for 10 min. PCR products were separated by 6% native polyacrylamide gel electrophoresis. DNA bands were visualized by 2% silver nitrate staining, developed with 3% NaOH and 0.8% CH 3 OH for 5 min, and their sizes were recorded.
Data analysis
The presence and absence of alleles were scored as 1 and 0 for each marker, respectively, and data were used to construct a binary data matrix. The calculation of genetic similarity coefficients and cluster analysis using the un-weighted pair group method arithmetic average (UPGMA) method were carried out by NTSYSpc 2.1 (Exeter, Setauket, NY, USA).
Results

Pathogen collection and DNA extraction
Twenty-five C. gloeosporioides strains were isolated using the tissue isolation method and confirmed by sequence analysis of the ITS gene regions and BLAST search (Table 2) . AGE showed that the product size of genomic DNA was more than 2,000 bp and had a standard quality (OD 260 /OD 280 , 1.88) appropriate for SRAP analysis (Wong et al. 2007 ).
Characteristics of SRAP markers
The preliminary screening results showed that 48 primer pairs out of 100 were amplified the genomic DNA, and of these, six primer pairs produced clear, stable, and highly polymorphic bands that could be used for SRAP analysis. The 25 C. gloeosporioides strains were analyzed using six highly polymorphic primer pairs, producing 164 discernible bands, of which 156 were highly polymorphic at a rate of 95.12% (Table 3 ). The number of unique bands amplified by the primer pair Me/Em8 is higher than that by the other primer pairs (Fig. 1) .
SRAP analysis
Cluster analysis showed that the similarity coefficients of the 25 C. gloeosporioides strains ranged between 0.61 and 0.95. The strains were divided into four groups (I, II, III, and IV) with a similarity coefficient of 0.68 (Fig. 2) . Group I was large and divided into five sub-groups with a similarity coefficient of 0.82. The first sub-group contained the strains LLY-1, LHL-8, LFX-9, and LFX-10 that isolated from grape samples that collected from three different locations in Liaoning Province; the second sub-group contained the strain LHL-12; the third sub-group the strains LJ-1 and LSY-3; the fourth sub-group the strains HLJ-1, XA-4, BJ-2, and LCY-18; and the fifth subgroup the strain LYK-15. Group II was also large and divided into five sub-groups with a similarity coefficient of 0.82. The first sub-group contained the strains LDD-4, LDD-5, LFS-6, LFS-7, and LJZ-14 that had a close relationship, whereas the second, third, fourth, and fifth sub-groups contained the strains LDL-16, LAS-17, SH-5, and GZ-9, respectively. Group III only contained the strain SH-6. Group IV was small and contained the strains HN-7 and GZ-8.
Discussion
C. gloeosporioides that causes grape rip rot has more than 600 synonyms, which reveals its heterogeneous genetic nature (von Arx 1970 , Sutton 1980 . It has been reported that there were 66 species were accepted in Colletotrichum, and the 19 recently used names which are regarded as doubtful (Hyde et al. 2009b) . In this study, we isolated 25 C. gloeosporioides strains from grape samples that collected from 17 different locations in China. All the strains were analyzed with six highly polymorphic SRAP markers to explore their genetic diversity. SRAP markers are considered as well conserved among various species within a family. For instance, SRAP technology had been used to study the genetic diversity of Sclerotinia sclerotiorum (Li et al. 2009 ), Puccinia striiformis (Pasquali et al. 2010) , and Valsa mali (Li et al. 2011 ). To our knowledge, this is the first report on the assessment of genetic diversity in C. gloeosporioides using SRAP markers. Cluster analysis indicated the close relationship among the 25 C. gloeosporioides strains; however, the genetic variation among the strains or the differences among the SRAP groups showed no significant correlation with their geographical distribution. Li et al. (2011) suggested that there is a relationship between the SRAP group and the geographic origin. However, previous studies reported the absence of significant correlation for Colletotrichum spp. isolated from Yunnan Province (Deng et al. 2015) . These results could be attributed to the long-distance transportation of grape planting materials and the hybridization of different varieties.
The results of the study indicated that there were showed genetic diversity among the C. gloeosporioides from different locates. Maybe, it would be relevant to long distance transportation of grape plantlet and cross breeding between different cultivates. Overall, the number of strains analyzed in this study was limited, and thus, further studies are needed to more thoroughly assess the genetic diversity in C. gloeosporioides and would allow developing the theoretical framework of resistance breeding, occurrence, spread, prevention and control of grape anthracnose.
